This retrospective study compared post-operative epidural analgesia (E), continuous peripheral nerve blocks (CPNB) and morphine infusion (M) in 68 children undergoing limb reconstruction with circular frames. The data collected included episodes of severe pain, post-operative duration of analgesia, requirement for top-up analgesia, number of osteotomies, side effects and complications. There was a significant difference between the number of episodes of severe pain in patients receiving a morphine infusion and those receiving epidurals or CPNB (M vs E, p < 0.0001; M vs CPNB, p = 0.018). The CPNB group was associated with the lowest incidence of episodes of severe pain and top-up analgesia. Epidural analgesia was associated with significantly more nausea and vomiting than morphine infusion (p = 0.053) and CPNB (p = 0.023). It also had a significantly higher incidence of motor blockade than CPNB (p < 0.01). We found that the most effective method of post-operative analgesia for children undergoing lower limb reconstruction was sciatic nerve catheterisation and continuous infusion.
Using the principles of distraction osteogenesis, circular external fixators can be used for limb lengthening and correction of deformities. [1] [2] [3] Their popularity in paediatric orthopaedics is due to their mechanical stability, allowing gradual and accurate correction of deformity and avoiding physeal injury. 4, 5 Postoperative analgesia is essential to ensure that children maintain their confidence in the treatment and are comfortable with the rehabilitation programme. 6, 7 At our institution children receive either an epidural, a continuous peripheral nerve block (CPNB) or an intravenous morphine infusion for post-operative analgesia following the application of a circular frame, according to the anaesthetist's preference. Epidural infusions and newer regional techniques such as sciatic nerve block are now being used more often than traditional intravenous morphine infusions. 8 The aim of this retrospective study was to compare these analgesic techniques in children undergoing limb reconstruction with a circular frame. The null hypothesis was that the introduction of CPNB would offer no significant advantage over epidural or morphine infusion.
Patients and Methods
Between January 2005 and April 2010, 68 children (47 boys and 21 girls) underwent correction of a lower limb deformity using the Ilizarov or the Taylor Spatial Frame (TSF) technique. All received either an epidural, a CPNB or a morphine infusion post-operatively, after prior discussion between the anaesthetist, the child and the family. For epidural analgesia the agent was 0.25% plain levobupivacaine up to 0.4 ml/kg with fentanyl 1 μg/kg in theatre, followed by a post-operative infusion of 0.1% levobupivacaine with fentanyl 2 μg/ml at rates up to 0.4 ml/kg/h. For CPNB, the agent was plain 0.25% levobupivacaine up to total of 0.8 ml/kg for the initial dose in theatre, and plain 0.125% (1.25 mg/ml) levobupivacaine infusion post-operatively at doses up to a maximum of 0.4 ml/kg/h. The regimen for morphine infusion was 5 to 25 micrograms/kg/hr.
Patients who had a circular external fixator following a fracture were not included because they posed a higher risk of compartment syndrome and were complicated by pre-operative pain and other injuries. 9 A purpose-designed proforma was used to collect data from the anaesthetic records, medical and nursing notes, pain charts and the paediatric pain service. The period under investigation was the first 48 hours post-operatively. The data included gender, age, weight, diagnosis, type of fixator and site, number of osteotomies, catheter site, post-operative duration of analgesia, additional analgesia, pain scores and complications of analgesia.
Because of the subjective nature of pain, particularly in children, a combination of a faces rating scale and a visual analogue scale was used to record pain at rest. These allowed children of any age and cognitive ability to indicate their level of pain, either by pointing to the face that best represented their pain, which correlated with the numerical scale, or by giving it a number from 0 to 10. The pain team considered a score between 7 and 10 to indicate severe pain, and the number of such episodes in the first 48 hours post-operatively was documented. Pain scores were assessed hourly, and severe pain was considered too bad for physiotherapy or mobilisation to be undertaken.
Nausea and vomiting was assessed as a complication of analgesia, using a score from 0 to 3 (0, no nausea or vomiting; 1, nausea only; 2, one episode of vomiting; and 3, multiple episodes of vomiting). Other complications included itching, motor blockade, urinary retention and hypotension, and problems involving the catheters and filters, such as excessive leakage or loss, were recorded. An increase in the rate of infusion or oral morphine requirement at any time was considered as top-up analgesia. Statistical analysis. The incidence of complications and percentages of outcomes were measured. The mean, ranges and standard deviations (SD) of the numerical data were calculated, and Welch's t-test and one-way analysis of variance (ANOVA) for three independent samples were used to test the hypothesis that there would be no difference between the means. The two-tailed p-value was calculated from the t-test results, and p < 0.05 was considered to be statistically significant.
Results
The study included 21 epidural, 33 CPNB and 14 morphine infusions in the 68 children with a mean age of 10.2 years (4 to 19), 11.1 years (2 to 15) and 10.9 years (7 to 15), respectively. Their mean weight was 39.6 kg (17.7 to 85.0) for the epidural patients, 48.8 kg (14.1 to 75.0) for CPNB and 42.9 kg (17.7 to 80.0) for the morphine infusion patients.
The presenting conditions are shown in Table I . A total of 26 TSF, 19 Ilizarov frames and 23 TSF and Ilizarov combinations were used, of which 24 (35%) were applied to the tibia, 32 (47%) to the tibia and ankle, six (9%) to the tibia with an above-knee extension, four (6%) to the femur and two (3%) to the femur with a below-knee extension. Adequacy of analgesia. The mean duration of CPNB was 46.36 hours (3 to 67) and the epidural (E) and morphine (M) infusions had mean durations of 50.57 hours (14 to 72) and 52.54 hours (11 to 89), respectively. The CPNBs were associated with a lower incidence of severe pain episodes, in 30.3% (n = 10) of patients, compared with the other two methods (E: 42.8% (n = 9); M: 71.4% (n = 9)) (Table II, Fig. 1 ).
Using the three-way ANOVA test, the requirements for top-up analgesia were not significantly different between the groups (p = 0.229). A total of eight patients (57.1%) on morphine infusion requested additional analgesia, compared with eight (38.1%) of those having epidurals or ten (30.3%) of those having nerve blocks (Table II , Fig. 1 ).
Complications of analgesia. Nausea and vomiting was the most common side effect, affecting 13 (61.9%) of the epidural patients, five (35.7%) of the morphine infusion patients and ten (30.3%) of the CPNB patients. Children receiving a morphine infusion did not experience any further side effects (Table III, Fig. 2 ). The percentage of epidural patients who experienced urinary retention and required catheterisation was 14.29% (n = 3), compared with 3.03% (n = 1) of CPNB patients. All the other epidural patients (n = 18) had been catheterised pre-operatively (Table III) .
A total of nine patients (42.8%) who received epidural analgesia experienced motor blockade combined with the desired sensory block, compared with three (9.1%) of the CPNB patients. No child developed a compartment syndrome (Table III, Fig. 2) .
Comparison between the different forms of analgesia. There was a significant difference (p < 0.01) in the number of episodes of severe pain in the first 48 hours post-operatively between the different forms of analgesia (Tables III to VI) . Patients receiving a morphine infusion experienced a significantly greater number of episodes of severe pain than did the epidural and CPNB groups (M vs E, p < 0.0001; M vs CPNB, p = 0.018). There was no statistical difference in the amount of top-up analgesia required in each of the groups, nor of the post-operative duration of analgesia.
There was a significant difference in the amount of nausea and vomiting associated with the analgesic methods. When all three techniques were compared the result was approaching significance (p = 0.06, significant at a 10% level). A significant difference was found between epidural and morphine infusion (p = 0.05), the former being associated with significantly more nausea and vomiting Table III . Post-operative complications: incidence, mean (SD) and significance testing of post-operative complications associated with the epidurals (n = 21) and continuous peripheral nerve blocks (CPNBs) (n = 33) (*, significant at a level of 1%; **, significant at 5%; ***, significant at 10%) Histogram showing the incidence of side effects with epidural and CPNB analgesia, where a significant difference was found. (p = 0.023) and a higher incidence of motor blockade (p < 0.01) than CPNB.
Number of patients (%) Mean (SD)
Comparison between different frame sites and number of osteotomies. There were no significant differences between the femoral or tibial frame sites in terms of the incidence of severe pain and top-up analgesia. The incidence of severe pain for patients with a femoral frame was 33.33%, compared with 30.0% for a tibial frame (Table VII) . Soft tissue corrections for congenital talipes equinovarus (CTEV) were compared with operations needing an osteotomy. There was a higher incidence of severe pain in patients who had an osteotomy (62.5%) than in those undergoing soft-tissue surgery alone (41.67%). Accordingly, osteotomy patients had a higher incidence of additional analgesia (62.5% versus 50.0%), but these results were not statistically significant. 
Discussion
There has so far been no study on the use of CPNB following the application of external fixators for limb reconstruction in children. There are few studies that compare the different methods of analgesia in children, regardless of the operation. [9] [10] [11] [12] [13] There was a significant difference (p < 0.01) in the number of episodes of severe pain during the first 48 hours postoperatively between the different forms of analgesia. The CPNB group had the lowest incidence of episodes of severe pain. There was not a significant difference between the number of episodes of severe pain between the CPNB group and the epidural group. We found that 12 (57.2%) of our epidural patients were pain-free or had low to moderate pain scores (< 7) in the early post-operative period. However, in a study of children undergoing femoral osteotomy epidurals had an 80% efficacy, 11 and others report varying incidences of requirements for top-up analgesia in patients treated with an epidural ranging from 17% to 50%. 12, 13 Our results fall towards the higher end of this range, at 38.0%. Our higher incidence of severe episodes of pain, and therefore top-up requirements, may have been due to the nature of the surgery. The episodes of pain experienced by the epidural patients may have been partly due to the elevation of the limb required by the surgeon post-operatively. As epidural infusions are subject to gravity, they may fail to reach the required distal nerve roots, thus resulting in a patchy block.
A total of 17 patients (69.7%) receiving a CPNB had pain scores < 7 in the first 48 hours post-operatively. Capdevilla et al 14 evaluated the use of sciatic infusions in 1416 adult patients, 96.3% of whom achieved adequate analgesia. Others reported a significant increase in severe episodes of pain after 24 hours (p = 0.01; p < 0.0001). 14, 15 In our study, ten of the CPNB patients (30.3%) required top-up analgesia, which is similar to other reports. 16 Our study shows a significant clinical and statistical difference in the degree of effective analgesia provided by epidurals and CPNB compared to morphine infusions (p < 0.0001 and p < 0.05, respectively). Similarly, Esmail et al 17 found that 57.1% of their patients treated with an opioid infusion required top-up analgesia. 17 This poor analgesic effect of morphine infusions may result from the plasma level of the opioid remaining constant, whereas post-operative pain is likely to vary in relation to movement, pin-site cleaning, or even as a diurnal variation. 18 Consequently, the plasma levels will not provide adequate analgesia at all times, and increasing the rate of infusion is unlikely to have an immediate effect.
The complications and side effects of analgesic techniques may adversely affect post-operative care. Our 61.9% incidence of nausea and vomiting, which is reported routinely following epidural infusions, is comparable with that of Løvstad et al 11 but not as high as that of others, who encountered the problem throughout the infusion. 19 There was a significantly different (p = 0.012) incidence of nausea and vomiting between the CPNB and the epidural patients, and the addition of fentanyl may be partly responsible for the increased incidence in the latter. We found that ten CPNB patients (30.3%) experienced this side effect, whereas di Benedetto et al 16 reported no complications among their sciatic infusion group; and in a study of 339 patients Dadure et al 20 recorded an incidence of 14.7%. We found that morphine infusions caused postoperative nausea and vomiting in five (35.7%) of patients, but there were no cases of hypotension, pruritus or urinary retention. Conversely, whereas Esmail et al 17 had a similar incidence of nausea and vomiting (42.5%), they reported an incidence of pruritus of 12.7% and of urinary retention of 13.5%, possibly because they had more cases (n = 110) than ourselves (n = 14).
We recorded a 42.8% incidence of motor blockade in addition to the desired sensory block in the patients treated with an epidural, and the rate of infusion had to be reduced to compensate for this. Epidural infusions cause a more generalised muscle blockade than the more selective CPNB, and may not only prevent early mobilisation but may mask a developing compartment syndrome following an osteotomy. [4] [5] [6] We, however, had no case of compartment syndrome, this was probably due to the low-energy nature of the osteotomies. 5 The number of osteotomies and their site do not appear to have a significant effect on the severity of pain, nor on the requirement for additional analgesia. There was also no statistical difference in the incidence of episodes of severe pain between patients undergoing soft tissue surgery or osteotomy for the correction of CTEV (p = 0.214). This was most likely due to the stability provided by the circular frame.
Our results suggest that morphine infusions, despite their lack of associated complications, do not offer adequate or effective analgesia in the first 48 hours after the application of a circular frame, because of the frequency of episodes of severe pain.
The newer technique of CPNB offers higher levels of adequate analgesia, a lower incidence of complications and a high level of safety owing to its regional effect. There was no statistical difference between the time required to position these peripheral infusions and that for epidurals (E mean = 37.8, CPNB mean = 30.8). In conclusion, therefore, we found that the most effective method of postoperative analgesia in children undergoing major limb reconstructive surgery is sciatic nerve catheterisation with continuous infusion. The null hypothesis that the introduction of CPNB would offer no significant advantage over epidural or morphine infusion is rejected.
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